Do not rely on the widely accepted rule that vicinal, sp 3 -positioned protons in cyclopentene moieties should always have more positive 3 J NMR coupling constants for the cis than for the trans arrangement: Unrecognized exceptions might misguide one to wrong stereochemical assignments and thence to erroneous mechanistic conclusions. We show here that two structurally innocent-looking 2,3-dibromo-1,1-dimethylindanes violate the rule by means of their values of 3 J(cis) = 6.1 Hz and 3 J(trans) = 8.4 Hz. The stereoselective formation of the trans diastereomer from 1,1-dimethylindene was improved with the tribromide anion (Br 3 − ) as the brominating agent in place of elemental bromine; the ensuing, regiospecific HBr elimination afforded 3-bromo-1,1-dimethylindene. The addition of elemental bromine to the latter compound, followed by thermal HBr elimination, furnished 2,3-dibromo-1,1-dimethylindene, whose Br/Li interchange reaction, precipitation, and subsequent protolysis yielded only 2-bromo-1,1-dimethylindene.
Introduction
The basic mechanistic features of competing suprafacial and antarafacial additions of elemental bromine to an olefin are reasonably well established [1] [2] [3] . With indene as a cyclic olefin, the major product trans-1,2-dibromoindane was formed through antarafacial addition; the accompanying cis diastereomer resulted through the suprafacial bromine addition and rarely [4] exceeded 30% of the diastereomeric trans/cis product mixture. For the cis/trans assignments, common wisdom [5] commends the simple criterion that three-bond NMR coupling constants ( 3 J H,H ) should be more positive for a cis than for a trans relationship of the vicinal, sp 3 -positioned protons in fivemembered rings. Indeed, cis-1,2-dibromoindane displayed 3 J(1-H,2-H) = 5.0 Hz, whereas the trans diastereomer exhibited 3 J(1-H,2-H) = 1.3 Hz [6] . However, we report here on the Scheme 1: Bromine adducts (trans-1 and cis-1) of 1,1-dimethylindene (2) and their envelope conformations: ax = pseudoaxial, eq = pseudoequatorial; Me = methyl.
closely related trans diastereomer of 2,3-dibromo-1,1-dimethylindane (trans-1) whose grossly deviating value of 3 J(2-H,3-H) = 8.4 Hz violates the above 3 J H,H rule.
Results and Discussion
The addition of elemental bromine to 1,1-dimethylindene (2, see Supporting Information File 1) in CCl 4 as the solvent afforded a 7:3 mixture of trans-1 and cis-1 (Scheme 1). A more useful 9:1 mixture was obtained through the slow titration of a well-stirred chloroform solution of equimolar amounts of 2 and tetraethylammonium bromide with elemental bromine in chloroform. Such a higher trans selectivity is typical of the very rapidly [1] formed tribromide anion (Br 3 − ) as the reactive species.
What kind of evidence supports our stereochemical assignments of trans-1 and cis-1? Although the three-bond NMR coupling constant 3 J(2-H,3-H) = 6. [9] . In accord with the pseudoaxial C(3)-H bond, HMBC (hetero multiple bond correlation) cross peaks of 3-H in trans-1 were absent with both C-1 and C-7a. On the other hand, the corresponding cross peaks were strong in cis-1 between 3eq-H and both C-1 and C-7a, which indicated a significant 3 We abstained from separating trans-1 and cis-1 since the availability of two different mixtures facilitated the NMR assignments and because any cis-1/trans-1 mixture or the ensuing 3/4 mixtures may be used for preparing 2,3-dibromo-1,1-dimethylindene (7). Both 3 and 4 can add elemental bromine and the adducts (5 or 6, respectively) eliminated HBr either spontaneously (5) or in the presence of KOt-Bu or NEt 3 (6) at rt to furnish the same product 7. We found through NOESY and HMBC analyses that the thermally more stable tribromide 6 populates the conformation which has a pseudoaxial 3-H (and hence a pseudoequatorial 3-Br) orientation (like trans-1). Therefore, the unusually high thermolability of 5 seemed to be due to the unavoidable presence of one pseudoaxial C(3)-Br bond [12] . If so, the hitherto unknown 3,3-dibromo-1,1-dimethylindane (8) might also be prone to such thermal HBr elimination. For comparison, treatment of 1,1-dimethylindane (9) with one equivalent of N-bromosuccinimide (NBS) furnished the expected 3-bromo-1,1-dimethylindane (see Supporting Information File 1), which decomposed already on distillation to yield 1,1-dimethylindene (2). With two equivalents of NBS, however, 9 afforded a mixture of 3 and 7 through the following sequence in the bottom part of Scheme 2:
Under these conditions, the spontaneous HBr elimination from 8 had produced 3, which added Br 2 to generate the thermolabile tribromide 5, whose HBr elimination gave 7; the required Br 2 was visible in the weakly brownish gas phase and had been provided through the well-known reaction of HBr with the accompanying NBS. Consequently, three equivalents of NBS would be necessary for obtaining 7 in a maximum yield. This encouraged us to reflux 9 in CCl 4 with NBS (4 equiv), which furnished mainly 7 along with succinimide (3.6 equiv) and remnant NBS (0.4 equiv). As a side-reaction, the slower thermal HBr elimination from the intermediate 3-bromo-1,1-dimethylindane (see Supporting Information File 1) generated 1,1-dimethylindene (2), whose in situ bromination furnished 1 (ca. 1%) in a trans/cis ratio of ca. 3:2. Since both dibromides trans-1 and cis-1 were stable under the reaction conditions and would distil together with 7, they were destroyed through HBr elimination by KOt-Bu (or KOH in EtOH) to produce the monobromides 3 and 4. It may be noticed that 4 (from cis-1) cannot have been an intermediate in the initial step of the above "base-free" conversion of 9 to 7, since 4 would generate the thermally stable tribromide 6 that was not detected in the initial product mixture of 1 and 7.
For practical purposes, 7 may be useful as an alternative starting material in place of 2,3-diiodo-1,1-dimethylindene that had been employed [13, 14] in cross-coupling studies. We actually used crude 7 as follows for a first specific route to 2-bromo-1,1-dimethylindene (4). The rapid Br/Li interchange reaction of 7 in hexane as the solvent with n-butyllithium (n-BuLi) ocurred predominantly at the 3-position of 7 with formation of 2-bromo-3-lithio-1,1-dimethylindene (10, Scheme 3). In the absence of cycloalkanes or benzene from the hydrocarbon solvent, rather concentrated mixtures of 7 and n-BuLi slowly deposited unsolvated 10, which opened the possibility of purifying 10 through simple washings with dry pentane under inert gas cover. Like the related 3-chloro-2-lithio-1,1-dimethylindene [15] , 10 did not eliminate LiHal at rt, so that its final hydrolytic work-up provided clean 4 even from moderately contaminated 7. Due to a well-known mixing problem [16, 17] , this final protolysis will be successful only in the absence (or at least after an adequate washing-out) of residual n-BuLi: Since protonation of n-BuLi and 10 is comparably rapid, a local depletion of the added proton source will leave the generated portion of 4 together with remnant n-BuLi, so that a very rapid Br/Li interchange reaction of 4 with n-BuLi will produce 1,1-dimethyl-2-lithioindene, whose protolysis forms 1,1-dimethylindene (2).
Scheme 3: Unsolvated 2-bromo-3-lithio-1,1-dimethylindene (10) precipitated from the reaction mixture of 7 with n-BuLi in hexane; after purification, 10 provided 4 only; Me = methyl.
Conclusion
Cis/trans differentiation in the saturated part of cyclopentene moieties should be based on 1 H nuclear magnetic Overhauser enhancements rather than on the magnitudes of vicinal cis and trans 3 J H,H NMR coupling constants which are not always reliable. The deceivingly high value of 8.4 Hz in trans-2,3-dibromo-1,1-dimethylindane (trans-1) is explained in this work by a preferentially populated envelope conformation with pseudoequatorial 2-Br and hence pseudodiaxial 2-H and 3-H. The alternative (incorrect) stereoassignment ("cis-19" in reference [8] and "cis-33" in reference [7] for the presently analyzed trans-1) would have misguided us to claim erroneously that we discovered a most unusual, highly cis selective olefin bromination.
What else may appear unusual with 1 and its congeners?
Trans-1 and cis-1 undergo regiospecific HBr eliminations even in the absence of bases, cis-1 does so more rapidly than trans-1.
The products 3 and 4, respectively, can serve as precursors for the same product 2,3-dibromo-1,1-dimethylindene (7). Exploiting the unusually high inclination of 3,3-di-(8) and 2,3,3-tribromo-1,1-dimethylindane (5) toward "base-free" HBr elimination at close to rt [12] , we were able to convert 1,1-dimethylindane (9) with NBS directly to 7. The preparation of clean 2-bromo-1,1-dimethylindene (4) became possible through purification and hydrolysis of crystalline 2-bromo-3-lithio-1,1-dimethylindene (10).
Experimental
General remark. 1 H and 13 C NMR chemical shifts δ (ppm) were referenced to internal tetramethylsilane. 
2,3-Dibromo-1,1-dimethylindane (1). a)

2-Bromo-1,1-dimethylindene (4).
A sample of contaminated 2,3-dibromo-1,1-dimethylindene (7, 8.43 g, 27.7 mmol) in pentane (5.0 mL) was treated with n-BuLi (ca. 40 mmol) in hexane (35 mL) at −70 °C under argon gas cover. Since this reaction was run in an acyclic, saturated hydrocarbon as the solvent (no cyclopentane, no benzene), a voluminous precipitate began to emerge slowly at rt within ca. one hour. When this colorless powder of 2-bromo-3-lithio-1,1-dimethylindene (10) had settled after 20 hours at rt, the supernatant was withdrawn by syringe, and the residue was washed with dry pentane (3 × 15 mL). This purified, solid material was suspended in pentane at −70 °C under argon gas and quenched with methanol (2.0 mL). After dilution with water and Et 2 O, the aqueous layer was extracted with Et 2 O (2×). The combined Et 2 O phases were washed with water until neutral and dried over Na 2 , and CCl 4 (50 mL) was treated with azobis(isobutyronitrile) (40 mg) and warmed slowly up to 85 °C. After 30 min of vived refluxing, the dark red suspension showed traces of elemental bromine in the gas phase and was cooled in an ice bath (15 min). A 1 H NMR spectrum of the solution revealed that the starting material 9 was completely consumed and that a mixture containing three gemdimethyl compounds had been generated: 2,3-dibromo-1,1-dimethylindene (7, 76%), 1 (1%, trans/cis ca. 3:2), and an unknown side-product (20%). The suspension was filtered, and the undissolved portion was washed with CCl 4 (2 × 5 mL), affording a colorless, powdery mixture of NBS and succinimide (4:36 by 1 H NMR). The dark red CCl 4 filtrate became colorless on shaking with an aqueous solution of sodium sulfite (at least 0.6 g) and was washed with distilled water (10 mL), 
Supporting Information
Supporting Information File 1
